Aeromonas hydrophila is an important bacterial pathogen which causes the hemorrhagic septicemia in fishes, amphibians and humans. Genetic relationships of diverse isolates of A. hydrophila were recovered from fish and water sources. These isolates were investigated by flanked region of 16S and 23S Ribosomal DNA (rDNA) internal transcribed spacer (ITS). Here we analyzed polymorphism of PCR-amplified 16S-23S rDNA ITS and their revealed band pattern consisting of one to four DNA fragments. The fragment size ranged from 500 to 1000 bp. The DNA band patterns revealed a considerable genetic diversity in interaspecies. The 750 bp size of band was common in all isolates of A. hydrophila except one Isolates AH21. The tRNA-Glu sequences were identified from 750 bp size of ITS region that could be used as strain level potential genotypic markers.
Introduction
An epidemic of Aeromonas hydrophila infection with a high rate of mortality (95%) in turtles (Pseudemis scripta) has been reported in Italy [1] . The disease source due to A. hydrophila has caused extensive losses among cultured fresh water fishes in mainland China [2, 3] . Infection of A. hydrophila occurs in all developmental stages of fish. Several important virulence factors are involved in the pathogenesis, which reduce the immunity and thereby damage cellular activity in fish that allows the susceptibility to disease outbreaks and high rate of mortality. Aeromonas has been isolated from diarrheic children, fish, milk and ice creams; and 57% isolates produced the enterotoxin [4] . Moreover A. hydrophila has also been isolated from blood and bilious fluid of women with liver cirrhosis [5] . A. hydrophila causes several diseases in humans like diarrhea, soft tissue infections, meningitis, endocarditis, peritonitis, hemolytic-uremic syndrome and septicemia in immunocompromised [6] .
A. hydrophila is a significant bacterial pathogen of a wide variety of hosts, which is associated with hemorrhagic septicemia in fishes, reptiles and amphibians [7] .
In fishes, they cause well known diseases like hemorrhagic septicemia, fin as well as tail rot and result in the high mortality in commercial aquaculture system [8] .
Freshwater reservoirs are decreasing due to growing populations, increased human consumption, urbanization and the lack of cost-effective sewage water treatment systems [9, 10] . Several species of Aeromonas isolates were recovered from cultured fish and was characterized by biochemical as well as 16S rDNA sequences. The pathogenicity assay has been performed in healthy fishes and found pathogenic bacteria such as A. hydrophila, A. bestiarum, A. salmonicida and A. veronii. All these Aeromonas isolates were isolated from diseased trout except one which from carp fry [11] . Therefore, it is urgent need to well characterize by molecular tools to discriminate pathogenic and non pathogenic isolates of A. hydrophila.
Since last decade, several molecular techniques have been developed for characterization of bacteria. The study of non-coding RNAs is important in searching the function or role in cells. In order to understand the function, we may find the secondary structure. The family of tRNAs is a type of RNA molecules which has particular function to translate amino acids into protein-building machinery. The 16S, 23S, ITS, gyrase, RNA polymerase and DNA ligase are highly conserved gene of bacteria and used for molecular characterization. The internal transcribed spacer (ITS) is also known as ISR present between 16S and 23S rDNA region of ribosomal genes. The arrangement of complete unit of ribosomal genes such as 16S-ITS-23S-ITS-5S are scattered in the genome of bacteria, which vary from 1 -15 copy numbers. The recently developed DNA fingerprinting methods are based on enterobacterial repetitive intergenic consensus sequence (ERIC), the repetitive extragenic palindromic sequence (REP) and the BOX elements have been reported for the discrimination of bacterial strains [12] .
Repetitive-element PCR (rep-PCR) with primers based on repetitive extragenic palindromic (REP) and enterobacterial repetitive intergenic consensus (ERIC) repeated DNA sequences has been reported for genomic fingerprinting of Bartonella species [13] . RFLP, ERIC and REP have been evaluated for typing of isolates of Aeromonas popoffii from different geographical origins [14] . However, molecular characterization of bacteria is performed using PCR analysis of length polymorphism of the intergenic spacers lying between tRNA genes (tDNA-PCR) [15] . The tRNA genes are a highly conserved among species within a genus, so primers that allows a PCR product to be amplified from practically all members of a genus. The length of tRNA intergenic spacers were varied from 2 to 35 bp in Bacillus subtilis [16] and from 2 to 208 bp in Escherichia coli [17] . The order of tRNA genes within cistrons appears to be highly conserved within a genus. The tandem arrangements of tRNA gene clusters allow investigating efficiently using tDNA-PCR techniques [18] . The present study was to investigate the 16S-23S ITS PCR assay to discriminate and generate specific fingerprint at the strain level identification of diverse isolates of A. hydrophila recovered from diseased and apparently normal samples. We have also investigated the secondary structures of tRNA-Glu at different temperatures.
Materials and Methods

Collection, Bacterial Isolates Media and Chemicals
The complete genome sequence of A. hydrophila subsp. hydrophila ATCC 7966 was retrieved from the NCBIGenBank (Accession no. CP000462). We analyzed the copy number of ribosomal operon and their organizations in genome were verified. All the isolates of A. hydrophila used in this study have been earlier characterized on the basis of amplification of aerolysin gene [19] . All the isolates were preserved in 15% glycerol at −80˚C. Taq DNA polymerase, dNTPs, Proteinase K, DNA ladders, pTZ57-RT/A cloning vector (Fermentas), E. coli DH5α (Invitrogen) and other media, chemicals (Sigma, SRL, Himedia) were used.
Isolation of Genomic DNA
Genomic DNA of A. hydrophila was isolated by Hiney et al. [20] method with some modification. Briefly, a single colony of A. hydrophila was inoculated in 2 ml of Nutrient broth (NB) medium and incubated at 30˚C for over night. Well-grown culture was centrifuged at 10,000 rpm for 2 minutes at 4˚C. Total 500 µl lysis buffer (100 mM Tris pH 8.0, 10 mM EDTA pH 8.0, 1.25% NaCl and 0.25% Sucrose) was re-suspended the pellet properly and incubated at 65˚C for 2 hours. The 10 µl proteinase K (10 mg/ml) was added, inverted gently and again incubated at 37˚C for one hour. Equal amount of phenol: chloroform: isoamylalcohol (25:24:1) was added to cell lysate and mixed properly by the inversion of tube and the suspension was centrifuged at 10,000 rpm for 10 minutes at 4˚C. The supernatant was carefully transferred in a new tube and the step repeated twice. Added 1/10 volume sodium acetate (pH 5.2) and two volume of chilled ethanol subsequently incubated at −20˚C for 30 minutes to precipitate the DNA. Centrifuged at 10,000 rpm for 20 minutes at 20˚C, the DNA pellet was washed with 70% ethanol, air dried then dissolved in 50 μl of TE buffer (pH 8.0) and stored at −20˚C.
PCR Amplification of 16S-23S rDNA ITS
One set of PCR primer targeted the ITS region of A. hydrophila was synthesized from Integrated DNA Technology (IDT, USA) based on published sequences. The highly conserved sequences were adjacent to 3' end region of the 16S rDNA (5'TGCGGCTGGATCACCTCC-TT) [21] and 5' end region of the 23S rDNA (5'GGTAC-TTAGATGTTTCAGTTC 3) [22] . The 50 μl reaction mixture was consisted of 10 ng of genomic DNA, 2.0 units of Taq DNA polymerase, 5 μl of 10X PCR buffer (100 mM Tris-HCl, 500 mM KCl pH 8.3), 200 μM dNTP, 10 pmoles of each primer (16S forward primer and 23S reverse primer) with 1.5 mM MgCl 2 was used. Amplification included initial denaturation at 94˚C for 5 minutes, followed by 25 cycles of denaturation 94˚C for 30 seconds, annealing temperature of primers at 48˚C for 1 minute and extension at 72˚C for 2 minutes. A final extension at 72˚C for 10 minutes was used. Ten μl of PCR product was analyzed by agarose gel electrophoresis in 2.0% agarose with ethidium bromide, at 8 V/cm and the reaction product were visualized under Gel doc/UV Transilluminator.
Construction and Analysis of Dendrogram
It is intensive to relative concentration of bands between
Copyright © 2012 SciRes. AiM fingerprints, discontinuous noise and overall density of fingerprints. ITS-PCR patterns, a band-matching algorithm (Match-matching tolerance of 1.0%) were used to calculate pair wise similarity matrix with similarity coefficient. Cluster analysis of similarity matrices were performed by UPGMA (Unweighted Pair Group Method with Arithmetic Mean). The major DNA bands were considered for construction of phylogenetic tree with used of TFPGA (Tools for Population Genetic Analyses). Each isolates of A. hydrophila was considered as one population so there was total eight populations and four loci were considered for construction of dendogram.
Cloning and Sequencing of ITS Region
The size of 750 bp band was selected for cloning and cut the agarose gel for purification of PCR product (QIAquick Gel Extraction Kit, QIAGEN). The PCR product was ligated in pTZ57RT/A vector with T4 DNA ligase (Rapid ligation kit, Fermentas) and incubated at 16˚C for overnight subsequently inactivated for 15 minutes at 65˚C. Ligated plasmid was transformed into Escherichia coli DH5α chemically competent cells [23] . The clones were screened using 100 μg/ml concentration of Ampicillin antibiotic selection with X-gal (20 mg/ml) and IPTG (100 mM). The plasmid DNA was isolated from clones using QIAprep Spin Miniprep Kit (QIAGEN). Sequencing of ITS region was done by custom service from Chromous Biotech Pvt Ltd (Bangalore, India) using the forward and reverse primers of pTZ57RT/A cloning vector. The DNA sequence of ITS region was analyzed by BLASTN for the identification.
Identification of tRNA, Secondary Structure and Submission of Nucleotide Sequences
Different aminoacyl-tRNA synthetase is present for each amino acid. Accurate translation of the genetic code depends on attachment of each amino acid to an appropriate tRNA. The tRNAs are also undergoing substantial conformational changes within their ribosomal binding sites during protein synthesis. We used tRNAscan-SE tool for identification of tRNA sequences in ITS region, which identifies 99% -100% of transfer RNA genes in DNA sequence while giving less than one false positive per 15 gigabases. The NUPACK tool was used for modeling of secondary structure at different temperatures (20˚C -40˚C). The nucleotide sequence of ITS region from A. hydrophila has been submitted to NCBI-GenBank under accession number HM991866.
Results and Discussion
The genome of A. hydrophila was analyzed for presence of ribosomal operon copy number. The 10 copy of ribosomal operon present in the genome of A. hydrophila was identified. In which six copies were localized from 5'-3' direction and other four was reverse orientation. The ITS region was presented between the 16S and 23S rDNA sequences. The size of ITS was ranged between 500 -1000 bp and it contains the number of tRNA encoding gene. Therefore, we amplified ITS region using the forward primers of 16S and reverse primers of 23S rDNA regions. Subsequently, we obtained the different bands pattern due to the copy number of ribosomal unit and tRNA encoding gene within ITS. The graphical representation of 16S-ITS-23S was shown in Figure 1(a) . It was strategy to amplify the ITS for discrimination and typing of different isolates of A. hydrophila. In the present investigation, there was one common band (750 bp) which was present in all these isolates of A. hydrophila except the AH21. Several other bands were also amplified and used for construction of the fingerprint that could be used for generation of phylogenetic relationship on the basis of results. The variation in intensity of the same size in different isolates results from point shift mutation, the template leading to reduce the stability or poor annealing of the primer to these templates. We have used different annealing temperature and Mg 2+ concentration. The optimal result was obtained at 48˚C annealing temperature with 1.5 mM concentration of MgCl 2 (Figure 1(b) ). The size of 750 bp band could be considered as potential marker for A. hydrophila except one isolates AH21. All isolates showed good amplification and gave more prominent bands. In our previous study, A. hydrophila isolates AH14 has been potential pathogenic to fish based on molecular level amplification of aerolysin and hemolysin genes which was present in same isolates [24, 25] . Total 160 strains belonging to four species such as A. hydrophila, A. bestiarum, A. salmonicida and A. popoffii were identified using 16S rDNA restriction fragment length polymorphism (RFLP). DNA sequencing of 16S rDNA and cluster analysis of the 16S-23S intergenic spacer region (ISR)-RFLP in selected strains of A. salmonicida and A. bestiarum indicated that the two species may share extremely conserved ribosomal operons and demonstrated that due to an extremely high degree of sequence conservation, 16S rDNA cannot be used to differentiate these two closely related species [26] .
On the basis of this result we have constructed the phylogenetic tree using UPGMA method by considering presence, absence as well as highly intense bands pattern of A. hydrophila isolates. Total four loci were considered in 8 isolates and it showed good relationship between diseased and other isolates. The phylogeny of diverse isolates of A. hydrophila and two major clade A and B were obtained (Figure 2) .
Isolate AH14 has been recovered from diseased fish sample and showed the homology with AH13, AH16 and AH24. It was indicated that these isolates were to be pathogenic and present in clades A. while the other isolates AHPN3-5 (it was water sample isolate), AH21, AH22 and AH19 present in clade B. This result could help to discriminate the diseased and apparently normal and water isolates. Similar study reported as characterization of ITS distribution using PCR and analyzed via a high-throughput capillary electrophoresis in 1191 Burkholderia pseudomallei strains. Three major type of ITS have been identified, two of which were commonly found in most B. pseudomallei strains from the endemic areas, whereas the third one was significantly correlated with worldwide sporadic strains [27] . RFLP of 16S-23S rDNA intergenic spacer region (ISR) of Aeromonas species have been used. Total of 69 isolates belonging to 18 DNA hybridization groups have been discriminated the isolates based on ISR amplification and RFLP [28] . The 120 strains isolated from stool specimens of gastroenteritis patient and environment of different geographical areas, these samples have been analyzed by PCR-RAPD, REP-PCR and ERIC-PCR on the species of A. hydrophila, A. bestiarum, A. salmonicida, A. caviae, A. media and A. veronii revealed clonal structure. No genetic similarities were observed between clinical and environmental strains of Aeromonas sp. isolated from distinct and same geographical area [29] . The BOX-PCR fingerprinting technique has been reported for discrimination of different isolates of A. hydrophila. All the studied isolates have shown major banding patterns ranged from 500 -3000 bp and it could be advantageous to investigate the strain level specific fingerprints of A. hydrophila as potential genotypic markers [30] . Fifty isolates of Clostridium difficile have been analyzed by three PCR-based typing methods in order to determine genomic diversity within this strain that may form the basis of a sub typing method. The three methods were used like repetitive extragenic palindromic elements (REP), conserved repetitive DNA elements (BOX), and enterobacterial repetitive PCR intergenic consensus sequences (ERIC). These methods had satisfactory levels of type ability and reproducibility as determined by blind-coded repeats. The BOX-PCR generated between two and five major amplicons with four distinct BOX profiles [31] .
In the present study, we have cloned and sequenced the ITS region and was found homologous with A. hydrophila ITS gene sequences existing in NCBI-GenBank. Nucleotide sequence percent similarity was analyzed in between 90% -100% (E value = 0) with other A. hydrophila strain 16S ribosomal DNA gene listed in NCBIGenBank. It indicates that ITS region may be potential molecular marker for A. hydrophila. Furthermore, we identified the tRNA-Glu in ITS region that could be conserved during evolution. The variations of different banding patterns were obtained of ITS regions due to presence of tRNA encoding genes. We also predicted the secondary structure of tRNA-Glu at temperature ranged from 20˚C -40˚C (Figures 3(a)-(e) ). The lowest free energy was −40.06 kcal/mol at 20˚C while −26.70 kcal/ mol at 40˚C.
We analyzed the total free energy difference −13.36 kcal/mol. We may assume that lower temperature may provide more support for RNA secondary structure stability in comparison to higher temperature. It may be potential risk for aquatic organisms because they are surviving at lower temperature and reservoir for A. hydrophila. Another report showed the secondary structures have been changed on different temperatures. For the structural gene the minimum free energy is problematic because it generates strong loops in secondary structure with lower energy [32] . However in case of ribosomal RNA we assume that they are less frequency of getting mutation during evolution. As ribosomes are the most ancient and important cell organelles contained the common structural features in all of organisms. It is composed of DNA especially ribosomal RNA coding genes and number of proteins. It plays major role in protein synthesis which is important in the cells viability, growth and development [33] . From last decades the ribosomal DNA has considered as a significant genetic marker because it is highly conserved throughout the evolution [34] . The lowest free energy of the 5S rRNA may reveal the most primitive bacteria and slow changes occurs throughout the evolution whereas higher free energy indicates less stability during the evolution [35] . In previous study, total 32 non-structural gene sequences of Influenza A virus H5N1 strain varied from 831 to 875 bp were used to construct the phylogeny and nine major clades were obtained. The computational tool has been used to model the RNA secondary structure of nine different strains of Influenza A virus and free energy ranges between −222.90 to −251.10 kcal/mol of the NS [36] . Thus, free energy of secondary structure is an important factor for stability of gene during evolution. PCRamplified 16S-23S rDNA spacer of Aeromonas species have been reported for total 69 isolates representing 18 DNA hybridization groups. The analysis of PCR products of 16S-23S rDNA spacers revealed patterns consisting of two to eight DNA fragments. The fragment sizes ranged from 730 to 1050 bp. DNA patterns revealed a considerable genetic diversity between species and within a species [28] . The 16S-23S intergenic spacer and 23S rRNA gene sequences have been determined for Aeromonas culicicola MTCC 3249T. Ten different ISR indicative of ten rRNA operons have been reported in the strain that were grouped in three major types. ISR I was non-coding while ISR II and III coded for tRNA-Glu-UUC [37] .
Conclusion
We consider the techniques that would be useful for species and strains differentiation for a wide variety of bacteria and it should be applicable to studies of epidemiology, diagnosis, virulence and molecular taxonomy. It is rapid, easily performed and reproducible method that is appropriate for genotyping of A. hydrophila at the strain level.
